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DevelopmentModelling:
The Stateof theArt
J AN TINBERGEN*
After a briefhistoricalsurveystartingaround1930,thearticlediscussessome
of themainnewconceptsusedin developmentmodels.Thus,theDomar-Harrod
principle,planningin stages,input-output,and two-gapmodelsare discussed.
Fromnationalmodelswehavenowattainedapointof worldmodels.
The newestdevelopmentsare characterizedby the introductionof income
distributionvariables,theinformalsector,appropriatetechnologiesandenviron-
mentalvariables.Newusesmadeof modelsrecognizetheexistenceof morethan
onepolicymaker,or alternativegroupsin poweraswenas~'interactivemultiple
goalplanning".
1. mSTORlCAL
Developmentpoliciesmaybeconsideredacomponent-andaveryimpor-
tantoneat that-of socio-economicpoliciesgenerally.Accordingly,therootsof
developmentplanninghavetobelookedforin thefirstattemptstoconductsocio-
economicpoliciesin a plannedway. Twobranchesstandout;centralplanningas
developedin theSovietUnion fromthelate19208onward,andindicativemacro-
planning,aselaboratedin someWesterncountries.Of course,therearelargediffer-
encesbetweenthetwo approaches.Sovietplanningwasseenas obligatory(as
distinctfromindicative),andit (asdistinctfrommacroplanning)dealtwithan
enormousnumberof details.Forquitesometime,moreover,theuseofmathemati-
calmodelswasnotconsideredappropriatein theSovietUnion.In thisarticleI pro-
poseto dealwithsocio-economicpolicypreparationwiththeaidof econometri-
callytestedmodels.Thefirstattemptsoriginatedin theNetherlandsin 1936,when
I, assistedby B. G. F. Buys,setupasimplemacro-modelin orderto formulatea
policyforthatperiod,in theaftermathof thegreatdepression[20].
DuringWorldWarII, J. E. Meadeandcollaboratorsin theBritish"Cabinet
Offices"maderelatedstudiesdirectedatthesolutionofwarfmanceproblems.
AfterWorldWarII, variousformsof indicativeplanning-witha varying
degreeof compulsion-developedin Westerncountries.In theUSA, theCouncil
of EconomicAdvisorswasestablished,butthemainemphasisof itsactivitieswas
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onlyon theframeworkof governmentpolicies.Model-buildingwastakenup by
universityeconomists,especiallybyLawrenceR.KleinandA. S.Goldberger[10;11J,
andlaterorganizedby alargegroupundertheauspicesof theBrookingsInstitution
[7;8J.
In France,a formof indicativeplanningwasdevelopedmuchclosertocom-
pulsoryplanning,andinstitutionalizedin theCommissariatuPlan,successively
directedbysuchwell-knownmenasMonnet,Masse,Hirsch,Ripertandothers.Asin
theSovietUnion,Five-YearPlansconstitutedtht:formalframeworkfor thescien-
tificset-up.
In Norway,indicativeplanningstartedsoonaftertheendof WorldWarII.
In thebeginning,nationalbudgetingwasthepointof focus.At anearlystage,the
elementsof macro-economicsfromKeynes'sworkandinput-outputtechniquewere
addedandfrom1960onmodelswereelaboratedunderthenameof Modis,which
unitedthesevariousfeaturesinahighlysophisticatedform[2]. Workonthesucces-
sivemodelswasdoneby a largegroupof bothuniversityandcivilservicecono-
mists,educatedandguidedfor yearsby RagnarFrisch,who,in lateryears,increas-
inglyconcentratedonplanningmodelsfordevelopingcountries,especiallyforEgypt
andIndia.
In theNetherlands,indicativeplanningstartedrightafterWorldWarII, but
modelswereintroducedafewyearslateronly. Startingwithrelativelysimplemacro-
models,similartothe1936model,theBureaudevelopedasuccessionof increasingly
sophisticatedmodels.Greatcarewasgiventotheelaborationofavintagemodel,i.e.
amodelin whicheachyearequipmentofamoremodemtypeisintroduced,withits
ownnumberof workersperunitofequipment.Forseveralyears,nodistinctionwas
~adebetweenthevariousectorsof theeconomy,but recentlyanumberof sec-
torshavebeenintroducedasanewexperiment(cf. [6]).
Stepby step,mostof theWesternEuropeancountriesintroducedplan-
ningagencies,undervaryingnamesandusingdifferentmethods.Britainstoppedthe
war-timeplanning,and,aftera numberof years,only triedto makea newstart,
influencedbytheFrenchsystem.This,too,wasstoppedin favourofadiscussionon
the"crisisof planning".Belgiumintroducedanofficialplanningbureau.Sweden,
interestingly,didnot introducemorethananofficialbusiness-cyclepolicybureau,
but theorganizationof industrialistsintroducedtheuseof asophisticatedmodel.
Finally,thebiggestuniversitymodel-buildinginstituteturnedoutto betheBelgian
DULBEA (The FreeUniversityof Brussels'sDepartmentof AppliedEconomics),
wheremodelsof manykindswerebuilt. Oneparticularoperationcarriedoutin
Brusselswasthelinkingof anumberofmodels(cf. [22J).
2. MODELS FOR DEVELOPMENTPLANNING: EARLY PHASES
Of course,thereis noclearlineof demarcationbetweenthefirstgroupof
modelsassketchedoutbrieflyin theprecedingsectionof thispaperandthefull-
fledgeddevelopmentmodelsdirectedat longer-termobjectives.Our examples
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alreadyillustratedanumberof inter-connectedresearchactivitiesandsomeof their
applications. '
Amongthedevelopingcountries,Indiawasprobablythefirstto introduce
itsownplanningsystem,guidedbyP.C.Mahalanobis,whowasimpressedverymuch
. bytheSovietaccomplishments,andtookoverthehabitofdrawingupfive-yearplans.
Mahalanobiswasthefirsttointroducetheso-calledspecificapitalgoods,differenti-
atingbetweencapitalgoodsneededtoproduceconsumergoodsandcapitalgoodsto
producecapitalgoods.Themainusemadebyhimof thisconceptistoshowthat,to
putit simply,initialrestraintonconsumptionmaylaterbringhigherlevelsof well-
beingthanin theabsenceof theinitialrestraint.
Understandably,in developingcountries,interestwasmoreconcentratedon
long-term ovementsof theeconomythanin developedcountrieswhereshort-term
movements(especianycyclical)andspeculativeoperationsevokedmoreinterest.
For anyeconomy,however,short-termfluctuationscannotbefullyneglected.In
developingeconomies,theyprobablyareto a largerextentheconsequencesof
cropvariationsandhencealmostrandom.So,short-termeconomicmodelsalsobe-
cameasubjectforsystematicresearch,asshownbyNarasimham[15].
With an increasingnumberof formercoloniesbecomingindependent,
atleastformally,theformulationof developmentpoliciesaspartofagovernment's
tasksspread.Thiswasenhancedby institutions,uchastheWorldBankGroupand
theInternationalMonetaryFund,whichneededa basisof evaluationof theloans
extendedto developingcountries.Internationalco-operationalsobegantobemOre
institutionalized,asshownby thesolemnproclamation,in 1961,of the"Develop-
mentDecade",laterrebaptizedastheFirstD.D.(D.D.I).
In viewof theincreasingpracticalapplicationsofwhaterstwhilewereprin-
ciplesonly,suchasthe"Domar-Harrodprinciple",anumberofmoreconcreteand
simplifyingtechniqueswereproposed,discussedandapplied.Oneof thesewasplan-
ningin stages,whereinitiallythreelevelsweredistinguished:themacro,themiddle
(or meso),andthemicrolevels.Macrocalculationsusednationaltotals,suchas
nationalincomeor product,investments,consumption,importsandexports.The
nextstagereferredto sectorsorbranchesof activityin its "functional"version,or
provincesin its "geographical"version,which,in thecaseof a federatednation,
mightbestates.Themicro-levelof thefunctionalversionwouldbesingleprojects
(sometimesnterprises),thesubjectmatterof loannegotiations.(A separatesource
of informationusuallyresultedfromsuchnegotiations.)In thegeographicalversion,
eithercitiesorhomogeneousregions,possiblyrivervalleys,enteredthescene.
Amongthe sectors,somemightreceivespecialattention;for instance,
educationor educationalsubsectors.Alternatively,publicandprivate,orformaland
informalsectors,hadtobekeptapart.
A techniquethatfoundwidespreadapplicationis knownasinput-output
analysis,originatingfrompreviousconceptsofproductionofgoodsbygoods(Sraffa)
andthecorealsoof theSovietplanningsystem,evenif notinfrequentlyinsimplified
.-.
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in whateversuccessestherehadbeen.So,thenumberof thosewhocouldnoteven
satisfytheirmostbasicneedshadincreased.An importantpartof theexplanationis
to besoughtin theacceleratedpopulationgrowth:newmedicalattacksondiseases
hadbroughtsomemorehealthbut alsomorepoverty.Liveshadbeensavedthat
werehardlyworthliving. .
Anotherpartof theexplanationwasthedivergenceof interestsbetweenthe
rulinggroupsandthemassof thepopulation.Governmentsoftenrepresentedthein-
terestsofbiglandownersandnotthoseof theincreasingnumberoflandlesspeasants
orholdersof shrinkinglots. Thelandcouldn'toffer-orthelandownersdidn'toffer-
jobsfor allandsotherestarteda flowof migrantsto thecitiesinsearchofemploy-
mentthere,withoutmuchsuccess.Thewell-knownslumareasnowsurroundall
cities. Anothermigrantflowcameintobeing,thistimeto theindustrializedcoun-
tries,wheremigrantswerepreparedtodothehardanddirtyworkatwagesforwhich
theindigenouslabourforcewasnolongerpreparedtotakethesejobs.
Apartfromthesituationin thedevelopingcountries,thestateofaffairsin
theindustrializedworldshowedanunexpectedchange.After two decadesof re-
markablyquickdevelopment,a turningpointappeared,of whichoneof theearliest
symptomswasthedelinkingof thedollarfromgold. In 1971,thatkeycurrency
becamefloatingandwithit achaoticmonetarysituationstartedwhichsoondepre-
ciatedthedollarto aboutone-halfof its formervaluein termsof thestrongercur-
rencies(DeutscheMarkandYen). A recessionsetin,withtheuntil-then-unheard-of
"Stagflation",Le.stagnationi productionandemploymentwithinflation,charac-
terizedby rising,insteadof falling,prices. In 1973,anothernewphenomenon
complicatedthesituation.As a firstexampleof theactiontakenbyagroupof the
ThirdWorldcountries,theOrganizationof PetroleumExportingCountries(OPEC)
actedasacartelandraisedthepriceofoilbyasubstantialmount.Thisreinforced
therecession,intensifiedinflationandaddedconsiderabledifficultiesto thenon-oil-
exportingcountriesof theThirdWorld. As aconsequenceof furtherpricerisesin
theWest,partlyduealsoto furtherwagerises,theoil-exportingcountriesbecame
awareof thedwindlingvalueof thepaymentstheyreceivedfor theiroil. To date
(1980),thestagflationhaspersisted.In themeantime,it hasbeenunderstoodthat
thehigheroil pricesweremorein linewiththerelativescarcityof thisexhaustible
mineralthanthelowpricesthathadprevailedbefore.
Gradually,thewholeof theThirdWorldstartedto understandthatself.
reliancewastheanswerto theindifferenceshownbytheindustrializedcountriesfor
developmentco-operation.Thoseamongtheinternationalorganizationsin which
developingcountrieshadbeenleading- UNCTAD andUNlDO- formulatedpro-
posalsontrade,commodityagreementsandindustrialization,which,in aSpecialSes-
sionof theGeneralAssemblyof theU.N.,wereintegratedintoamany-facetedproc-
lamationofaNewInternationalEconomicOrder.
ways,withtheemphasisonthe"materialbalances".A refinementofconventional
input-outputanalysiswasobtainedby adistinctionbetweentradablesandnontrad.
abIesandgotthenameofsemi-input-outputanalysis(cf. [12]).
Anotherusefultoolofanalysisprovedtobethetwo-gapconcept.A nation,
whenlookedat asa whole,maybein disequilibriumin thesensethateitherits
savingsfallshortof theinvestmetsit wantstofinanceoritsexportsfallshortof the
importsit wantsto finance.Theformergapisindicatedasthesavingsgap,thelat-
terasthetradegap(wheretradeimpliesinvisibles).In fact,and"exp.ost"(looking
at thefiguresof pasttimeunits),thetwoareidenticalandin thatsensethereisno
pointin usingtwowords.But,estimatedin advance,"exante",thetwomaybe
differentandoneappearslargerthantheother.It is thensometimescalled"domi-
nant" andthisstateof affairsmaybeanindicationof themeasuresthatneedtobe
takenfirst.Thevariablesthatarethesubjectofsuchmeasuresarecalled"adjustors".
Theiruse,andtheadjustmentprocess,maybeeitherautomatic(partof the"free
forcesof society")orpolicy-induced.If morethanoneadjustorexists,wemayeven
haveoneormore"degreesof freedom".Severalauthorshaveusedthetooljustmen.
tionedin orderto arriveat policyrecommendationsor evena rangeof possible
policies,wherethepolicy-makerhasachoice.Anexcellentsurveyof thepracticeof
andexperiencewithplanninghasbeengivenbyWaterstonetal. [23].
A lastremarkto bemadein thissectionis on'internationalmodels.These
becameincreasinglynecessaryasaconsequenceof thetaskcreatedbytheinstitution
of theUnitedNationsDevelopmentPlanningCommittee.Thiscommitteecameinto
beingasaconsequenceof theconcern,around1965,in thedevelopingcountriesthat
theDevelopmentDecade'sobjectiveswerenotattained.Onbehalfofthecommittee's
discussions,theUN Secretariatprepareda worldmodel,largelyinspiredby J. L.
Mosak,butunfortunatelyneverpublishedit. In allprobability,it wasthefirstofits
kind.Morerecently,Leontiefetal. [13]madeanimpressiveattemptatconstructing
variousalternativesofaworldmodel.
-)
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3. ASPECTSUNDER DEBATE AROUND THE YEAR 1980:
THE SITUATION
Afterthisbriefsurveyofsomehistoricaldevelopmentsandtheearlyphases
of developmentplanning,weproposeto discussthepresentstateof theartofdevel-
opmentplanning.For itsunderstanding,wehavetorecalltherecentchangesin the
worldsituationandsomeof thereactionstothem.In ageneralway,actualdevelop-
mentsin thelasttwo decadeshavebroughtdisappointmentandfrustrationto all
concerned.True,the rateof growthof totalproductionin a partof theThird
Worldhasnot beenlow in comparisonto what,before1945,industrializedcoun-
trieshadattained.Contraryto originalhopes,thesegrownincomeshadnot(witha
fewexceptions),"trickleddown"to thepoorerpartof eventhesuccessfulcoun-
tries.Also,thecountrieswiththelowestpercapitaincomehadhardlyparticipated
-
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4. ASPECTSUNDER DEBATE AROUND THE YEAR 1980:
THE MODELS
Withthe'situationassketchedin Section3 asabackground,letusnowdis-
cusshowtheexperiencesof thepastdecadesandthenewtasksasnowunderstood
havetheirimpactondevelopmentplanningandthemodelstobeusedforit. Wewill
discussthisimpactundertwomainheadings:(a)theadditionalvariablesthatmust
enterintoourmodels,and(b)thenewusetobemadeofplanningmodels.
Theadditionalv.ariablesneededfor ourmodelswill bediscussedin succes-
sion,withoutaclaimtocompleteness.To beginwith,moresocialvariablesareneed-
edanda firstexampleis of figuresonincomedistribution.Althoughaccuratedata
arehardto get,crudeapproximationshavebeenestimatedforup to sixtydevelop-
ingcountries.A crudedistinctionintoquintilesof incomedistributionwillalready
beuseful;for linkshaveto bemadewithothervariablesin orderto integratethem
intothemodel.An interestingexampleis givenby Bornschier[4] inasociological
model,comparingupto 72countriesin across-countrystudy.Anotherverycom-
plexstudyfor onecountry,Korea,showswhatcanbeundertakeni thesocio-
economicfieldfor a countryknownfor its wealthof data[I]. A hostof other
socialdataarebeingcollectedunderthegeneralnameof socialindicators,which
claimanimportantpositionin thewelfareconcept[14; 19].
Anotherextensionof thenumberof theneededvariablesrelatesto the
"informalsector".Dependingonthetypeofinformationeeded,someofit willbe
alreadypartof theofficialstatistics,ashandicraftandother small-scalebusiness.
Samplesurveysarethebestknowntoolto obtaindataontheinformalsector,and
in somecountries,e.g.India,thereis a vastwealthof them.Yet thegeneralim-
pressionis thatmuchremainsto bedonein thisfield. For a developedcountry,
suchasBritain,novelideashavebeenformulatedon boththehouseholdandthe
informal(partlyillegal)sectorsbyGershuny[9].
Of late, the discussionon appropriatetechnologyhasacquiredmuch
momentum.As amatterof course,mostinformationhastocomefromsinglenter-
prises,andeconomistswill haveto cO-Qperatewithengineers.Patll-breakingwork
hasbeendonebyBoon[3],agooddealundertheauspicesofEI ColegiodeMexico,
butalsobyBeyrard,andprobablybymanyconsultingengineeringfirms.Amongthe
UnitedNationsorganizations,UNIDO andFAO arethemostinvolved,but twice
alreadya generalconferenceon thesubjectof scienceanddevelopment(Geneva,
1963andVienna,1979)wasorganized.Thesubjectis sovastthateachsectorin
eachcountryrequireditsowntreatment.Whilethereis muchscopefor theappli-
cationof theprincipleof self-reliancein thisfieldalso,oneworld-wideproblem
loomslargeat thehorizonof technology,namelytheconsequencesof theintro-
ductionof microelectronicdevices.Eventhoughinertiawillslowdownrealdevel-
opmentsin comparisonto thosetheoreticallydeducedfromwhattheavant-garde
performs,theneedfor casestudiesconcerningpreviousgenerationsof electronic
,..
devicesi strong.In suchcasestudies,importantvariablesto beascertainedarethe
capitalintensityof newprocessesandtheelasticityof demandfortheirservices.If
thelatteris high,whichis bynomeansimpossible,thethreatoemploymentisless,
of course,thanif thatelasticityislow. Someinstitutionsin thefieldofbankinghave
announcedtheir expectationof no threatto employment,but opinionswidely
diverge.Theimpactoncomparativecostsindevelopedanddevelopingcountrieshas
hardlybeenputontheagendafordiscussion,but,asamatterofcourse,it shouldbe
included.
Sometechnologieswill experiencetheimpactofhigherenergyprices;these
havemadefeasible,economicallyspeaking,village-levelactivitiesuchasbiogaspro-
duction[18].
Someof the importantnew variableswhichmustbe introducedinto
developmentmodelsareof anenvironmentalcharacter.Amongthemmaybethe
minimumsurfaceunderforests,Le.thesurfaceneededtoavoiddesertification.For
anislandsuchasJava,Indonesia'sdenselypopulatedcentralisland,thisisnowbe-
comingaquestionoflifeanddeath;andtransmigrationfapartof Java'spopulation
to Sumatrais oneof themosturgentactivitiestobeorganizedatamuchlargerscale
thanheretofore.
Thisbringsusto thecategoryof non-measuredvariableswhichhavenow
attractedtheattentionof modelbuilders.Wealreadymentionedvariablesconcern-
ingtheinformalsector,andcouldaddtheactivitiesofself-reliance,bythe"mobiliza-
tion" of villagepopulations,practisedby theInstituteof CulturalAffairs,located
nearBombay,withaffiliationsall'overtheworld. Econometriciansareaccustomed
to enteringnon-measuredvariablesintomodelswiththeaidof "proxies";inaway,
socialindicators,discussedbefore,aresuchproxiesfor "happiness"or "utility"in
economicjargon,theveryaimofsocio-economicpolicies.
Let usnowturnto the(partly)newusethatisgoingtobemadeofmodels.
Newermethodologiesfor useof econometricmodelsnowadaysabound
(cf. [16]). Oneisneededtodealwithamajorfactof life,namelythatpolicy-makers
moreoftendisagreethanagreeabouttheiraims.Henceallsortsof compromising
processescharacterized velopmentpolicies.Theproblemismorethanacenturyold
in economicscienceandwasfirsttackledby theFrencheconomistCournotin an
attempto describetheattitudeof competitorswhoarefew(representinganear-
monopolysituation). Severalothernewmethodsaretriedout, all containing
assumptionsonhowpoliticians"playtheirgame"(cf. theTheoryofGames,dueto
VonNeumannandMorgenstern[21]).
Anotherexampleof thenewusemadeof modelsisduetoCohen[5]. His
methodconsistsin maintainingasufficientnumberof degreesof freedomsoasto
alternativelyusethemodelfor maximizingwelfareof differentgroups.Depending
on thepowershiftswhichmayoccur,anothergroup'swelfarefunctionmaybe
takenasmaximu!Dandsotheeffectsof thepowerchangecanbestudied.
Again,anotherway of usingmodelsis calledinteractivemultiple-goal
-,
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mizetheirobjectivefunction.Theyhardlyknowwhatanobjectivefunctionmeans,
but theydo knowwhichof thedifferentsituationstheyprefer.Theplanning
processis giventheshapeof adialoguebetweenmodel-buildersandpolicy-makers.
The formershowa feasiblesituationof theeconomyto thelatterandaskthem
whethertheywantachangein anyof theobjectivevariablesor targets.Afterthe
policy-makerhassuggestedanewvalueforthattarget,themodel-handlertellshim
whatothertargethasthento bechanged(mostlyin anunfavourables nse)and
whetherthechangeisworththegainonthefirsttarget.Thusthedialoguefinishesin
asituationwhich,forthepolicy-maker,isthebestattainableconfiguration.
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